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Biologics: What Are They?

* FDA defines biological products as “a wide range
of products such as vaccines, blood and blood
components, allergenics, somatic cells, gene
therapy, tissues, and recombinant therapeutic
proteins...composed of sugars, proteins, or
nucleic acids or complex combinations of these
substances, or may be living entities such as cells
or tissues...isolated from a variety of natural
sources — human, animal, or microorganism”

* Biologics are specialty bioengineered molecules
produces in living systems

Biologics: Great So What Do They Do?

* Used to diagnose, prevent, treat, and cure
numerous diseases and medical conditions
« Therapeutic proteins (filgrastin)
* Monoclonal antibodies (adalimumab)
* Vaccines (tetanus)

* Most advance therapies available
* 1%tvs 2" vs 31 |ine treatments??
* Fail first on other meds??

Biologics versus Chemical Drugs

+ Small molecular drugs are composed of 20-100 atoms
* Small biologics — 200 to 3,000 atoms
* Large biologics — 5,000 to 50,000 atoms

Biologics vs Biosimilars vs Interchangeable

s 4
Reference Biosimilar
product product

Brackets are used to show sites with minor variations.
Reproduced with permission from the European Medicines Agency

Applications in Eye Care

* Ocular surface disease
* Inflammatory disease
* Uveitis
* Scleritis/Episcleritis
* Oculoplastics
* Cosmetic
* Functional
* Retina
* Age related macular degeneration
* Diabetic retinopathy
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Current Uses for Topical Biologics for OSD

* Persistent epithelial defects
« Neurotrophic keratopathy
* Exposure keratopathy

* Recalcitrant dry eye
* Filamentary keratitis
« Corneal ulcers

* Herpetic keratitis

« Steven-Johnson’s Syndrome
« Keratoneuralgia

* Recurrent corneal erosion

* Limbal stem cell deficiency

Neurotropic Keratitis Definition

i

Hallmark: decreased sensation, decreased or no pain

Degenerative corneal disease
Damage to the trigeminal nerve
(cranial nerve V)

Loss of corneal sensation
Breakdown of the corneal
epithelium

Impaired corneal healing
Persistent epithelial defect >
corneal ulceration -> stromal
melting and perforation

Neurotrophic Keratitis

NKis Cassifiod 8 2 Rare Disease

* Rare/orphan disease (ORPHA137596)*
=Affects < 5 individuals in 10,000

* NK Prevalence difficult to determine®?
=Estimated to be < 1.6/10,000
=Best data are based on extrapolation from the
most common conditions associated with NK
oHerpes simplex keratitis: 6% develop NK
oHerpes zoster keratitis: 12.8% develop NK
oPostsurgical nerve damage: 2.8% develop NK

1 Dua S, et alProgRetinal Eye Res 2018,66:107-131
2. Saag, et al. OrlerSuf. 60 10,1016 05 2019.11008.

Differential Diagnosis

* Loss of corneal sensation = NK

+ Neuropathic pain (corneal neuralgia, keratoneuralgia)
* Pain without stain
+ Pain in response to minimal or even no stimulus

+ Diseases with overlapping features of NK; can lead to NK if
corneal sensation is affected’™
+ Dry eye disease
* Contact lens-related disorders
+ Blepharitis
+ Exposure keratopathy
+ Stem cell deficiency
+ Topical drug toxicity
+ Mild chemical injury

1Dua 5, et al.Prog Retinal Eye Res. 2018,66:107-131
2 Sachetti A, et al. Cinical Ophhaimology. 2014:8 571-575,
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Corneal Innervation

* The cornea is the most sensitive and densely
innervated tissue in the human body.2

+ Corneal innervation is essential. Corneal epithelial
cells act in a mutually supportive relationship with
corneal nervest#

« Corneal nerves: maintain corneal integrity
« Protective functions: blinking and tearing
« Trophic support: neuropeptides (eg, substance
P) promote epithelial cell proliferation,
migration, adhesion
« Epithelial cells: neurotrophic factors (neuronal
extension and survival)

+ Corneal nerve damage = loss of corneal sensation,
Shehs H iricl Ophtlolog 209,13 19731980, epithelial breakdown, poor healing?2
Versura P, et ol Eye and Brain J018:10 3745

Dl 5, ol Prog Retinal Eye Res, 201366:107-131,
Saal$,etal, Orsar Surf. ot 101016/ 105 2019.11.008,
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Etiology

« Corneal incisions Anesthetics (abuse)

. LASK « Timolol

« Betawolol

« Sulfacetamide

« Diclofenac sodium
SYSTEMIC DISEASES2 * Ketorolac
* Diabetes

* Multiple sclerosis

CTL
« Vitamin A deficiency

« Increasing age
« Darkeye color
« Adie syndrome

[I0US? TOXCK FIFTH-NERVE PALSY32
« Herpes (simplex, zoster) ~ *  Chemical burns Trigeminal neuralgia surgery
« Leprosy « Carbon disulfide exposure + Neoplasia (acoustic neuroma)
« Hydrogen sulfide exposure +  Aneurysms
JATROGENICA Facial trauma
« Trauma to ciliary nerves by Congenital

laser treatment and surgery  TOPICAL MEDICATIONS2

CORNEAL DYSTACPHESS! Limbal stem cell failure (chronic)
* Lattice
+ Granular

Riley-Day syndrome
Goldenhar-Gorlin syndrome
Mabius syndrome

Familial coneal hypesthesia

11
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Case Ex.

* The 84 year old, AA female presents for 3-4 month DES check
(no touch) and MMP-9 testing. Pt has a h/o DES and POAG
mild OU. Pt states OS>0D has some itching. Pt states she has
only been using her cyclosporine 0.05% and AT’s. She never
picked up fluoromethalone drops and is not using AT's
ointment or a heat mask.

* Ocular Hx: * Med Hx:
* Dry eye syndrome — 10+ yrs * NIDDM 15 yrs
* Herpes stromal keratitis OS * Osteoarthritis
« Inactive — Last episode 2020 « Hypothyroid
* Anterior scleritis OS * Seasonal allergies
* Inactive « Meds:
+ POAG - Mild OU ecs‘
. * Ceterizine
* Pterygium sx OU
Ve * Lactulose

* Phaco OU

* Previous treatments
+ Amniotic membrane OS (2019, 2020)
* Punctal cautery (2011) OU

* Levothyroxine

13 14
Clinical Exam Corneal Sensation
* Lids / Lashes — Clear and good position * Greatest in the central comeﬁ (elderl\h/
« Conjunctiva — tr injection OU patients - more ser.15|t|ve |r1t e periphery)
.C * Drops rapidly as distance increases from
ornea the limbus
* OD 2+ Inf SPK . - .
« OS Dense SPK, 1+ K edema lFa”S LM:: IZCI:ESH.]g. agel
. _ . * Is not affected by iris color
A/C—Deep and Quiet Anything else we should add??? + More sensitive in the temporal limbus than
* PCIOLOU the inferior limbus
* 10P - 11 mmHg OU * Reduction has been reported in diabetes
* K Sensitivity — OD Normal OS Reduced type Land type 2
e W ol O G o s I K X Ve, 1) s o 201 Vol 1ol By 05229235
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Neurotrophic Keratitis: Classification

Mackie classification

« Stage | is characterized by hyperplasia and/or irregularity of the
epithelium, evolving to punctate keratopathy, corneal edema,
neovascularization, stromal scarring.

« Stage Il is defined by a recurrent or persistent epithelial defects or a
PED without stromal thinning.

« Stage Ill: stromal involvement leads to corneal ulcer, melting and
perforation

Mackie IA. Neuroparalytic keratitis. Current Ocular Therapy. Philadelphia, PA: WB Saunders; 1995:452-4.

Endogenous nerve growth factor (NGF) and its role in NK:

Endogenous NGF maintains
corneal integrity by three mechanisms

cell
proliferation

Neurotrophic keratitis (NK) is a result from

impaired trigeminal corneal innervation

J Lacrimation and blink reflex

J Epithelial cell vitality, metabolism, mitosis
J Epithelial trophism and repair

A Stromal and intracellular edema

3 Microvilli

J Development of the basal lamina

Corneal
reinnervation

Tear secretion

Nerve damage m loss of corneal sensitivity g NK

17
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Stage Therapy

* Preservative-free artificial tears formulations
* Punctal occlusion

* Hydrogel contact lens (consider large diameter)
* Recombinant human NGF (rhNGF, cenegermin)
*  Serum/plasma/platelet rich plasma

Severity-Based

2 Supportive therapies plus:
* rhNGF

Therapy

+ Scleral lens (+ serum/plasma)
* Amniotic membrane
+ Botulinum induced ptosis, Tarsorrhaphy

3 + rhNGF
« Keratoplasty + scleral lens, tarsorrhaphy,
neurotization

Sacchett M, Lambiase A Diggoss and ranageret ofneurctrophic kratts Oin Ophthamol 20148571579, Sheha H, Tighe', Hashem O, Hayashica Y. Lpdte on cenegermin eye drops i the reatment of
neurctrophc eraits. Gin Cphthalnol 2015,13:1973-1980. Published Oct 7, 2015

Endogenous NGF Maintains Corneal Integrity
By Three Mechanisms

Endogenous nerve growth factor acts through specific high-affinity (ie, TrkA) and low-affinity (ie, p7SNTR) nerve
growth factor receptors in the anterior segment of the eye to support corneal innervation and integrity.!
CORNEAL \TION

® NGF plays a role in nerve

function and stimulates the
regeneration and survival of

SHOWN IN PRECLINICAL MODELS?

the sensory nerves??

NGF binds receptors on
lacrimal glands and promotes
sensory-mediated reflex
tearing secretion’*

CELL PROLIFERATION AND
DIFFERENTIATION
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- Serum/plasma have reported efficacy as

primary or adjunct therapy
— Reported success of serum alone (20-50% concentration) ranges * Randomized clinical trial reported healing of refractory
from 71 to 100% within 90 days (Guadilla et al. Arch Soc Esp neurotrophic ulcers with conventional therapy
Serum Offalmol 2013; Jeng and Dupps Cornea 2009; Pflugfelder (lubrication plus BCL or tarsorrhaphy) or amniotic
/Plasma Therapy AJO 2006) L. membrane transplant (AMT). Healing rates were similar in
- Umbilical cord serum may be more effective and has higher Amniotic the 2 groups: 67% with conventional therapy and 73%
concentrations of substance P and NGF than peripheral blood with AMT (Khokhar S et al. Cornea 2005)
serum (Yoon KC et al. Ophthalmology 2007) Membrane X )
L f * AMT was also equivalent to autologous serum (AS) in
— Epithelial defect healed in 97.4% of stage 2-3 NK after 11 weeks heali tropic ul - 70% for AS and 73% for AMT
of plasma rich in growth factors (PRGF) (Sanchez-Avila RM et ealing neurotropic uicers: /0% for A> an o Tor
al. Int Ophthalmol 2018) (Turkoglu E et al. Semin Ophthalmol 2014)
— Serum can be used safely in combination with SiH CL. No * Multilayer AMT recommended for deep ulcers and
inflammation or CL deposits were observed (Choi JA ECL 2011) Descemetoceles (ruse F et al. Ophthalmology 1999)
Py
21 22
* Use of fluid filled scleral contact lenses for treatment
of NKiinitially reported decades ago (Romero- « Corneal sensitivity restored after sural nerve grafts (Elbaz et al.
Rangel et al. AJO 2000) JAMA Ophthalmol 2014)
* Non-healing corneal epithelial defects with BCL * Free sural nerve graft was coapted end-to-side with
Scleral Lenses healed without recurrence in all 9 eyes treated with supratrochlear nerve and the distal portion of the nerve was
PROSE scleral lens (Ling J et al. Am J Ophthalmol Corneal separated into fascicles that were distributed around the limbus

2013)
* Overnight wear (with close monitoring) may
accelerate healing (Lim P et al. AJO 2013)

“ N « Corneal sensitivity, measured pre- and post-op with the Cochet-
Neurotization Bonnet esthesiometer, returned to normal after 5 months

W SNV SV,

. o
\ ’ °

PRE POD 91 POD 161
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cenegermin-bkbj 20 mcg/ml
was approved by FDA in August 2018

* Approved for the treatment of
neurotrophic keratitis in adults

0==

Phase Il Randomized, Double-Masked,
Vehicl i i

Trial of and children age 2 and older
Human Nerve Growth Factor for
Neurotrophic Keratitis « Available for ordering since

January 2019

* Available through specialty
pharmacy

Study Conclusions
Up to 72% of patients achieved complete corneal healing;
80% of healed patients were recurrence free after 1 year*

In the majority of patients across two clinical studies (en
o was well tolerated and more effective than

After 8 weeks of treatment,

6 times daily ramoting complets cormeat nesIng o modersts o sovers .
Study NGF0212 Study NGF0214
(REPARO) (N=24 per group)
clinical trial sites (N=52 per group)

in Europe and
the U.S.

European patients
with NK in one eye

NCTO1756456

completely UsS patients with NK
healed in one or both eyes.

NeT02227147
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Treatment Case Ex. Somebody Help Me
« Continue: * NP 29 yowf presents for significant dry eyes. Eyes are always in pain,
+ Cyclosporine 0.05% BID OU burning, gritty and feels like sand paper. Currentl)/ using serum tears
H : 50% gid ou and would like to get serum tears 75%.
* Heat Mask
* Stop
* Oral ceterizine * Oc Hx: 8 years
* Order .
« Cenegermin 20 mcg/mL — Patient to call once meds come in to review meds / * Med Hx: ADHD, Hypothyroid
demo proper usage
* Ceterizine ophth sol BID OU * Meds: Nortriptyline, synthroid
* Follow Up
* 3-4months glaucoma / Dilate OCT - G * What questions do you want to ask?
27 28
Previous Treatments Clinical Exam
* Omegas — stopped on her own — NI * UCVA 20/20 OU
« Cyclosporine BID OU — stopped after 1 month / made eyes worse
* Prednisolone QID OU - stopped due to NI * You know what a normal eye looks like
* Plugs — 3 month plugs all puncta / NI
« Lifitegrast BID OU — stopped after 2 mos / made eyes worse « Any Other Tests??
« Loteprednol 0.2% - NI .
» Doxycycline 100 mg BID po — stopped after 2 weeks X i
. * Diagnosis??
 Erythromycin ung — NI
« Neomycin/polytrim/dexamethasone ung — NI
* Multiple preservative free drops
29 30
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Moshirtar

Causes of NCP

¢ Trauma

* Chemical exposures

* Previous infection

* Eye surgery

« Systemic disease
+ Autoimmune or inflammatory conditions
* Depression

* Diabetes
* Fibromyalgia

* Other neurological disease
+ Trigeminal neuralgia
* Migraine

Benstead €€, Sorrenting P, ot al Ocul in; Statpearis linternet] Peari publshing 2022 Jan:

Diagnosis of NCP

* No universal criteria for dx

+ Case history

« Initial triggers for pain

+ Time course

* Alleviating and exacerbating factors

* Treatment history

* Symptoms - Topical lubricants provide no / minimal relief

* Clinical Exam
* Pain without stain
+ Topical anesthetic relief

+ Confocal Microscopy

Photo Courtesy of Scott Hauswirth, OD
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Causes of NCP

* Trauma

« Chemical exposures
* Previous infection
* Eye surgery
* Systemic disease
* Autoimmune or inflammatory conditions
* Diabetes
* Fibromyalgia
* Other neurological disease
« Trigeminal neuralgia
* Migraine

Diagnosis of NCP

* No universal criteria for dx
* Case history
« Initial triggers for pain
* Time course
« Alleviating and exacerbating factors
* Treatment history
* Symptoms - Topical lubricants provide no / minimal relief
* Clinical Exam
* Pain without stain
+ Topical anesthetic relief
+ Confocal Microscopy
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Neuropathic Pain

* Treatment to either:

* Regenerate nerves
* Reduce inflammation that
makes nerves more sensitive

* Treatment Options
* Serum tears
* Steroids
* Amniotic membrane
* Neurostimulation
« Blue filter glasses
 Systemic neuro-modulatory
therapies
* Biologics

Autologous Serum

* Blood drawn via 18 gauge needle — 40 mL blood collected into blood tubes

+ Blood set aside to clot at room temperature for two hours, then centrifuged at
5600 rpm for 10 minutes

* Serum filtered to remove fibrin strands before mixing with saline

* Typically start with 20% up to 50%

* Unopened bottles stored in freezer up to 3 months; open bottles in refrigerator
for 48 hours

* Potential for safe refrigerator storage for up to 1 month

35
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Healing factors in Autologous Serum

* Vitamin A

* Lysozyme

* Transforming Growth Factor-beta (limits epithelial healing)
* Fibronectin

* Substance P

* Insulin-like growth factor-1

* Nerve growth factor

Benefits and Pitfalls of Autologous Serum

Benefits Complications
* Preservative free and innately * Cost — no insurance coverage
allergy free

* Frequent blood draw
* Availability of labs to make ASED
* Strict handling

* Adverse events rare
* Improvement in symptomology

* Demonstrated improvement in
staining (Tsubota — SS pts)

37 38
Amniotic Membranes and Pros and Cons of Amniotic Membrane
Amniotic Membrane Extract Eye Drop (AMEED) Modalities
Cryopreserved Dehydrated
* Self-retaining on cornea * Longer storage life —room
« Higher levels of regenerative temperature
complex HC-HA/PTX3 * No ring = better comfort
. Sho_rter storage life — requires * Frequent slippage
refrigeration * Requires bandage lens to
Cryopreserved Dry Membranes * Potential discomfort from maintain position
Membranes symblepharon ring
* Avoid with filtering procedures
***Eor all amniotic membranes, RCTs limited
39 40
Improvements in Clinical Signs and Symptoms
@ Corneal Staining Grading
Hindawi ’i:
Clinical Study o
Corneal Nerve Regeneration after Self-Retained Cryopreserved Pain Sconng
Amniotic Membrane in Dry Eye Disease
Thomas John,'” Sean Tighe,* Hosam Sheha,”** Pedram Hamrah,*” Zeina M. Salem,*” t
Anny M. S. Cheng,** Ming X. Wang,® and Nathan D. Rock® s
; g . SPEED Questionnaire Scoring i
41 42
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Improvements in Corneal Nerve Density & Sensitivity

Corneal Nerve Density Corneal Nerve Sensitivity

Corneal Nerve Density (umimm?)
BB EEEEE

—Study Measurement

Dry Eye Disease

* Anakinra (Kineret)

* Recombinant version of human IL-1Ra currently approved for RA

* Inhibits the interaction of IL-alpha and IL-beta

* IL-1 directly correlated to corneal fluorescein staining, nociception

* Anakinra 2.5% topical
« Significantly more effective than vehicle in improving signs and symptoms of dry eye
* 4x reduction in corneal staining
* 6x reduction in symptoms
+ Termination of use at week 12 led to increased symptoms at 1 month

rmparo et al LAV Qg ihalol. 201 doi: 10 131
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Rituximab (Rituxan)

* A monoclonal antibody that targets human CD20 on B-cells
« B-cell depletion postulated via:
« Complement-dependent cytotoxicity
+ Antibody-dependent cell mediated cytotoxicity
 Triggers apoptosis
« Two Large, multi-centered, double blind, RCTs (TEARS, TRACTISS)
« 1g rituximab intravenously vs. placebo

+ No statistical significance on the endpoints of ocular dryness and Schirmer | in
both studies

pimary Sjogres syndror: BVC Musculoskelt Disord 201421521, doi: 10,1186
2. Dvauchell-Pensec V, Mt X, Jouse-Joulin, Brthlot 1, e A. | X, Le Guem V, Siila . Gotenbeng JF, et . O
CTEARS): esults ofa rndomized conroled . Ann Rheum Dis 2014:71(Suppl 3

3. Brown S, Navaro Coy N, Pl C, Fary P, Pavit S, Gray 1 Flme C, Hll F, Busch R Sith P, t .

1. Brown'S, Nevamo Coy N, Ptzalis C, Enery P, Pait S, Geay 1, e C, Hall F, Busch R Sth P, et . The TRACT
186147124741521.

A Intem e 201416064)233- 242

Sjogren’s Is More than Dry Eye®

Depression 3 x more likely

Lymphoma 5% of SS

45

Guidelines for use of Biological Medications in
Sjogren’s Disease

* TNF-a inhibitors should not be used to treat sicca symptoms in
patients with primary SD.
 Strength of recommendation: strong

« Rituximab may be considered as a therapeutic option for KCS in
patients with primary SD and for whom conventional therapies,
including topical moisturizers, secretagogues, anti-inflammatories,
immunomodulators, and punctual occlusion, have proven insufficient.

« Strength of recommendation: weak due to inclusion criteria

Verstappen G et al. The value of rituximab treatment in primary Sjogren’s Sydrome. Clin Immunol. 2017 Sep;182:62-71.

“The Common Eyeritis”

* 32YOWM, Red, Painful Eye OD,
Photophobic, No discharge

* No previous episodes

* Ocular/Medical Hx: Unremarkable

* No other associated symptoms

* SLE: 2+ injection / 2+ cells

47
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https://www.ncbi.nlm.nih.gov/pubmed/23599118
http://www.sjogrens.org/home/about-sjogrens-syndrome/symptoms
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Common Eyeritis

* Once considered a single disease entity, we now know can be caused by
autoimmune disease, infection, malignancy, and exposure to toxins

« Inflammation of the iris, ciliary body or choroid / combination of these
* 87.6% anterior / 55% idiopathic / 21% traumatic / 25% have an underlying cause
* Tx may include systemic workup and/or systemic meds

* The sight-threatening complications of uveitis include glaucoma, damage to the
retina, and macular edema.

Anterior Uveitis

* Causes
* Idiopathic
* Traumatic
* HLA-B27
* Herpetic
* Can be recurrent, recalcitrant,
granulomatous, or non-
granulomatous

Retrieved from http://y list. htm!
49 50
Intermediate Uveitis Posterior Uveitis
* 8-15% of all uveitis * Common findings
« Involves pars plana, peripheral * Active inflammation
retina, vitreous * Scarring
* Anterior vitreous cells * Vasculitis
« Scleral depression
* Bscan . * Consider infectious causes
« Associated conditions
. MS
« Sarcoid
* Syphilis
51 52
Cone n Clinical Features Test Indicated
L Ankylosing spondylitis Young male, low back pain, chest pain HLA-B27, sacroiliac X-ray
Panuveitis

Classification of Uveitis:
Anterior, Intermediate, Posterior, and Panuveitis

Anterior Uveitis Intermediate Uveitis Posterior Uveitis

T Intemastons Uveiss Saudy Group classfication sepsrates vt by anstomical locason of
<o m signs: ant pa rtane

Source: The Ocular Immunology and Uveitis Foundation

Juvenile idiopathic arthritis

Inflammatory bowel disease

Reiter’s syndrome Young male, arthritis, urethritis, conjunctivitis

slight male predilection, sacroiliitis common

Ulcerative colitis, diarrhea, abdominal cramps

Sarcoidosis

Tuberculosis

Syphilis

Toxoplasmosis

Lyme disease

African Americans, females, vasculitis, vitritis

Prolonged cough, fever, chills, night sweats,
weight loss

Hx of sexual contact with infected person, rash,

fever, malaise, headache, joint pain

Immunocompromised status, exposure to cats,

hx of eating raw meat, punched-out retinal
lesions

Recent tick bite

HLA-B27, ESR, CRP

ANA, RF, knee radiograph

HLA-B27, Gl referral for endoscopy

ACE, chest X-ray or CT scan

PPD, chest X-ray

FTA-ABS, VDRL, RPR

Toxoplasma IgG or IgM for acute
acquired cases

Lyme Western Blot

53
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When Should Lab Tests Be Ordered?

« Bilateral cases

* Atypical age group

* Recurrent uveitis

* Recalcitrant cases

* Hyperacute cases

* Worsens with tapering

* VA worsens

* Immunosuppressed

Treatments for Uveitis

* Steroids
+ Topical
* Local
* Systemic
* NSAIDs
* Cycloplegics
* Analgesics
* Immunosuppressants
* Calcineurin inhibitors
* Biological blockers
* Glaucoma medications

55 56
Steroid Pulse Therapy Systemic Therapy for Inflammatory Disease
«QID to Q 1 Hour for 7 to 10 Days * Acute inflammatory episodes typically necessitate steroid treatment
« Zero Tolerance for AC Cells (topical, periocular, intraocular, systemic)
« Avoids Surface Toxicity
* Quick & Dirty * Steroids exhibit great efficacy (especially in anterior uveitis), but come
« Hit It Hard and Fast: Aggressive with significant side effects, limiting chronic use
* Treat and Follow + MUST Study
* Local and implant steroids effective for uveitis treatment
« High incidence of local ocular SE and systemic complications
57 58
: . . . . Disease Modifying Anti-rheumatic Drugs
Considerations for Steroid Sparing Options ying &
(DMARDs)
 Steroid duration * Traditional — restrict immune system broadly
. . * Antimetabolites — methotrexate, mycophenolate mofetil
Duration over 3 months + T-cell inhibitors — cyclosporine, tacrolimus
* Unable to taper below 10mg po prednisone « Alkylating agents — cyclophosphamide, chlorambucil
* Antimalarials - hydroxychloroquine
* Relapse or recurrence * Targeted — block precise pathways in immune cells
* 3 -4 recurrences or more * PDE4 Inhibitor — Apremilast / Otezla
+ Janus Kinase Inhibitor — Tofacitinib / Xeljanz
* Severity of local/Systemic Complications * Biologics work by targeting specific steps in the inflammatory process and
next “steps”
59 60
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Antimalarials - hydroxychloroquine sulfate

« Indicated for the treatment of discoid and systemic lupus
erythematosus, rheumatoid arthritis, and malaria
* Dosage: 200mg to 400mg per day
* Primary risk factors
* Duration > 5 years
* Cumulative dose >1000g
* Age
« Systemic — High BMI, liver, kidney dysfunction
« Ocular - retina or macular changes

American demy of O

Recommendations on Screening for
Chloroqume and Hydroxychloroqume
hy (2016

tichae . Marvar, MO, Ubich Kelier, M, Tiashy Y. L, MDD, FRCOphth Romald B. Melles, MD,
Wilin . Metor MD. ot e Amcrion Acodeny of ity

Background: The Amercan Academy of Ophihalmology recommendaons on screening for chioroquine
about

Toxicy.risk factor, funcus cstibution, and offctivenass of scroening 100k

show an extramacula patten of damage

5% and up o %

Major anc ong duration f use & the most ignificant isks. Other major factors
ro concomiant renl disease. or use oftamoriion
"Screaning Schedula: A basolne funcu. oxamination shouk bo parformod 1o e out proexi
opathy. s yours for it
Screening Tosts: Tho primary scroening lests ars automated visual flkis plus specta

opical
‘o mtioca
lceorsinoor (nERQ) can i anecive corsrston o etk wd s saoferesconce
FAn e betore it s viile I the

oty

Howaver

Pationts (and proscribing physicians) shod be informed abou rsk of toxily, proper dose
Joe. s Inranceof g arcal sreaeg. Optilncogy 0161 @ 2016 b te Aracoms
‘Acadermy of Ophihaimol
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Antimetabolites

* Methotrexate - a folic acid analog and dihydrofolate reductase
inhibitor
« Indications - Acute lymphoblastic leukemia, Trophoblastic neoplasms, Lung
cancer, Psoriasis, RA
* MOA - Inhibits DNA synthesis, repair and cellular replication
* Dosage
+ Usually 7.5 to 25 mg/week orally
+ Occasionally subcutaneously delivered to reduce side effects
* Onset —2-12 weeks
* Side effects
. i inal disturbance, oral ulcers, fatigue, alopecia, bone marrow
suppression, pneumonitis, fetal loss, and infections
« Comanage with rheumatology

Traditional DMARDs - T-Cell Inhibitors

* Cyclosporine
* Indications
+ Organ transplant
* RA
* Psoriasis
* MOA - Inhibits T-cell activation
* Dosage - 2.5-10 mg/kg/day PO twice daily
* Onset - 2-6 weeks
* Side effects
+ Nephrotoxicity, hypertension, hirsutism, gingival hyperplasia, and infections
» Comanaged with rheumatology or nephrologist

63
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Alkylating Agents

* Cyclophosphamide
* Indication
* Lymphoma
«+ Myeloma
* Leukemia
* MOA - nonspecific alkylating agent that alters the composition of DNA bases
+ Dosage - 1-3 mg/kg/day PO
Onset — 2-8 weeks
Overall, approxlmately 76% gained sustained control of inflammation (for at least 28
days) W|th|n 12 months
Side effects

« Bone marrow suppression, infections, hemorrhagic cystitis, increased risk of malignancy, sterility,
and alopecia

« Comanaged with rheumatologist + reproductive medicine specialist

Biologics Therapies
* Originally considered 2-3" line agents

* Considerations
« 15tline (following steroid pulse) to control active inflammation
* When conventional immunosuppressants fail to control uveitis
* More targeted approach
« Safety profile

65
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Biologic Therapies in Noninfectious Uveitis

« Suppress inflammation with oral steroid while starting biologic
« Taper PO steroids 4-6 weeks
* Needs 4-6 weeks onset of action

* Rule out systemic conditions
 Infections (TB and Hepatitis)
* Multiple sclerosis
+ Risk of heart failure development
« Coordinate care with specialist

Common Systemic Biologics in Inflammatory
Disease

* Tumor Necrosis Factor (TNF-alpha) Inhibitors
* Humira (adalimumab)***
* Remicade (infliximab)
* Enbrel (etanercept)
* Lymphocyte Inhibitors
* Rituxan (rituximab)
* Orencia (abatacept)
* Interferons
* Anti-Interleukin antibodies
* Actemra (toclizumab)***

67 68
Tumor Necrosis Factor TNF-Alpha Inhibitors
* TNF found in two forms in the body * Adalimumab (Humira)**
« Transmembrane — maintain innate immune response and tolerance to * Only FDA approved biologic for treatment of
autoantigens intermediate, posterior, or panuveitis
. Inh\'gilion results in increased sensitivity to infection, exacerbation of demyelinating * Subcutaneous injection
conditions . .
* Soluble — drives inflammatory response ° Infllxlmat{ (Remicade)**
« Inhibition leads to anti-inflammatory effect * IVinfusion
* Etanercept (Enbrel)
« Current TNF alpha inhibitors act on both forms * Not shown to benefit ocular disease
69 70
TNF-Alpha Inhibitors Adverse Effects with TNF-a Inhibitors
« Infliximab particularly effective in Behcet’s « Activation of latent TB or hepatitis
* 86% remission rate in as little as two weeks with infliximab alone for PU * Demyelinating disease
« Also effective in JIA and birdshot chorioretinopathy « These first two tied with action on tmTNF
* Chief application is for those who have failed adalimumab * Must rule out MS with MRI in patients with pars planitis
* Hepatotoxicity
» Adalimumab very effective in uveitis control « Secondary malignancies
* VISUAL 1 and 2 —reduction in treatment failure and relapse rate D ind di
* SYCAMORE - trial halted before conclusion, clear benefit of adalimumab plus rug-induce disease
methotrexate versus methotrexate alone in JIA * Tachyphylaxis — due to antibody development
* MULTISPECIALTY APPROACH TO MANAGEMENT IS CRITICAL
71 72

12



12/24/22

Interferons

* Naturally occurring cytokines which aid in regulation of immune
system
* Anti-proliferation of T cells
* Subcutaneous injections
* IFN-alpha2a
« Effective in Behcet’s — 94% reach complete or partial remission
« Small cohort of intermediate uveitis or MS related uveitis showed significant
reduction in macular edema with improved VA
* Side effects
* Flu-like symptoms
* Depression

Anti-Interleukins

* Toclizumab (Actemra)
* IL-6 antagonist, used in moderate to severe RA, GCA, PJIA, SIIA
* Subcutaneous or IV infusion
* STOP-Uveitis study — reduction of vitreous haze and CME at either 4 or 8
mg/kg of IV infusion
* Mean 44% decrease in VH
* CMT-83.88 um
* Recently approved for treatment of GCA
* Subcutaneous injection weekly or every other week with concurrent steroid taper
showed superior remission to steroid treatment alone
* 53-56% remission versus 14% placebo
* Dosed at one subcutaneous injection weekly

73
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Acthar Gel (repository corticotropin injection)

« Indicated for severe acute and chronic allergic and inflammatory processes
involving the eye and its adnexa such as: keratitis, iritis, iridocyclitis, diffuse
posterior uveitis and choroiditis, optic neuritis, chorioretinitis, anterior segment
inflammation

« Complex formulation containing ACTH, a melanocortin peptide that binds to the 5
identified melanocortin receptors (MCRs) on tissues and cells throughout the
body

* MOA unknown however in addition to stimulation of the body's endogenous
cortisol release, Acthar is believed to impact steroid-independent
immunomodulatory and anti-inflammatory pathways

« Currently no clinical trial data available for uveitis

Biologics: Side Effects

* Increased risk of infection
* Reactivate Hepatitis B
 Allergic reaction
* Symptoms
+ IV infusions - Shortness of breath, chills, redness, itchiness, itchy eyes, itchy lips
* Injections — redness, itchiness, warm/tender to touch, full body rash
* Less common
* CNS disorders
* Cardiac issues
* Lupus-like syndrome
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Botulinum Toxin

* Cosmetic uses

* Functional uses
* Blepharospasm — 70-90% effective
* Hemifacial spasm
* Eyelid apraxia
* Myokemia
* Lid Retraction
* Exposure keratopathy
* Strabismus

Botulinum Toxin

* Neurotoxin produced by C.
botulinum
« Blocks release of acetylcholine from
presynaptic neuron at
neuromuscular junction causing
paralysis
« Serotype A used commercially in
two forms:
* onabotulinumtoxinA
* abobotulinumtoxinA

Source: BioModels Database
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Botulinum Toxin

« Inhibits neurotransmission at neuro-muscular junction (acetylcholine,
others)

* Leads to chemical denervation striated muscle
* Peaks at 2 weeks
* Neuronal sprouting heralds return of function @ 3 — 6 mos.

Botulinum Toxin

* On-label therapeutic uses in ophthalmology
* Blepharospasm
* Hemi-facial spasms
* Strabismus
 Off-label therapeutic uses in ophthalmology
* Protective ptosis > induce upper lid ptosis and closure

. ija ophthalmos s/p acute Bell’s Palsy, exposure keratopathy, poorly healing
efect

* Alternative to permanent tarsorrhaphy
* Tx of filamentary keratitis with a blepharospasm component

Case Of The Red Irritated SwollenEye [ | . or perhaps she has seen 6 other doctors
* 50 yo female with 4 week history + 55y0 F dx as chronic conjunctivitis with a 3 month
.. K history or red eyes and tearing after trials of :
of redness irritated tearing eyes « Artificial tears
+ Antibiotic drops
. , + Steroid drops
* Otherwise healthy hasn’t ever . Antibioti d combination d
seen an eye doctor ntibiotic steroid combination drops
+ Stopping all drops if its red consider TED
* Ointments
* Lid scrubs
* Hot compresses
+ Cold compresses
+ Luke warm camomile tea and honey compresses
* Acupuncture, acupressure, meditation
81 82
Teprotumumab (RV 001) Other Biologics for TED
« An antibody directed against IGF-1, the « Rituximab
growth factor pathway associated with the . ) .
thyroid-hormone receptor * Two large, randomized, controlled, concurrent trials were conducted: one in
Europe and one in the United States
« Teprotumumab is the only medicine to date * Unfortunately, the results were conflicting, with the European study
prgven to reduce overall Xlinical severity suggesting a beneficial effect of rituximab® and the United States study
and proptosis, and provide a sustained showing no improvement
response.! . .
Primary endpoint: 2mm
Can halt ion of active di " reduction in proptosis * Tocilizumab (Actemra, Genentech)
* Can halt progression of active disease an . . )
reverse any changes associated with TED, -82.9%vs. 9.5% Case reports of improvement in TED
and the effects are long-lasting. * Recently completed a randomized, controlled trial, the results of which are
N=87 pending.
1. Smith T), Kahaly G), Ezra DG, et al. for thy N Engl] Med 2017;376:18:1748-61
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Treatment Options

Non-nAMD nAMD

* Observation * Antioxidants/
* Antioxidants/
AREDS 2

AREDS 2
* Anti-VEGF agents:
* Ranibizumab 0.5 mg
* Bevacizumab 1.25 mg
+ Aflibercept 2.0 mg
* Brolucizumab 6.0 mg
Faricimab 6.0 mg
Port Delivery System

DME

« Focal laser

« Anti-VEGF agents:
« Ranibizumab 0.5 mg
« Bevacizumab 1.25 mg
« Aflibercept 2.0 mg
« Brolucizumab 6.0 mg
« Faricimab 6.0 mg

« Intravitreal steroids

« Vitrectomy

Anti-VEGF

* Bevacizumab
* Full length monoclonal antibody that non-specifically binds to VEGF at two
sites
« Off-label use, must be compounded
* CHEAPER
* Ranibizumab
* Fragment antigen binding monoclonal antibody derived from bevacizumab
* Specifically targets VEGF-A
* 0.3 and 0.5 mg injection

85 86
Anti-VEGF Systemic Considerations in Anti-VEGF
* Aflibercept « True prevalence of AE’s difficult as patients often have multiple co-
* Fully humanized recombinant protein -- VEGFR-1 and -2 binding morbidities
sequences on antibody backbone * Systemic effects uncommon, but include the following:
* Binds VEGF-A, VEGF-B, and PIGF * Stroke
* Greater binding affinity . Hyperteqsiqn )
« Less frequent dosing — 8 weeks after 3 monthly injection lead in * Myocardial infarction
* Hemorrhage
* Decreased pulmonary surfactant — pediatric consideration
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Future Treatments in Pipeline Conclusions
w& « Biologics are the next wave of pharmaceutical development, and are
* Brolucizumab playing an increasing role in the management of ophthalmic
* Faricimab conditions
* Abicipar
* Conbercept . — . .
* Integration and management of these medications requires a multi-
Other Modalities - disciplinary approach
Sustained release devices
Gene therapy « Staying up to date on the most active biologics allows us to find a role
Stem cells in this care team
89 90
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